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METHOD FOR FILLING CONTACT HOLES 
WITH METAL BY TWO-STEP DEPOSITION 

This is a continuation of U.S. application Ser. No. 
07/964362 filed Oct. 21. 1992, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Held of the Invention 

This invention relates to a method for filling contact holes 
with metal in the process steps to fabricate highly-integrated 
semiconductor device, and more particularly, to a method 
for ailing the contact boles with two-step deposition of the 
selective tungsten thin films to minimize their surface 
topography, thus achieving better step coverage of the metal l5 
layer. 

2. Description of the Prior Art 

Generally, as the contact size in semiconductor device is 
reduced, the aspect ratio of the contact hole becom e s Larger 
and as a result, metal with poor step coverage causes the 20 
reliability problem co the semiconductor device. To resolve 
thi* matter, chemical vapor deposition (CVD) method is 
attractive for filling the ''n<nH<- of contact boles with selective 
tungsten thin films, thus better improving the step coverage 
of metal layer. The CVD process, however, has a trouble- 23 
some problem associated with the difference of surface 
topography in contact holes. In the case of filling the contact 
holes with the highest surface topography with the selective 
tungsten «*h'*n films, the fit™* become overgrown at the 
contact holes with rather lower surface topography and 
circuit failure may result between metal wires. To avoid such 
disadvantage, it is inevitable for the holes with the lowest 
surface topography to be filled in the first place. 
Consequently, the aspect ratio of contact holes with the 
highest step coverage cannot be significantly improved and 35 
riiig unfavorable situation is expected to continue therea ft e r , 
as the semiconductor elements become highly integrated and 
smaller* 

11 is a principle object of the present invention, therefore, 
to provide a contact-filling method, in which the selective 
tungsten rhi« films are deposited in two steps, thus maxi- 
mizing the contact filling with tungsten, gaining a stability 
of Tiyfflj wires with better step coverage,, and enhancing the 
reliability on semiconductor elements. 

The above- said objective should be construed as only one 
of many possible through the utilization of a few of the more 
p r ac tical and important features and applications of the 
invention. Many other beneficial results can be obtained by 
applying the disclosed invention in a different manner or ^ 
modifying the invention within the scope of the disclosure. 
Accordingly, other objectives and a fuller understan d i ng of 
the invention may be had by referring to both the summary 
of the invention and the detailed description, below, which 
describe the preferred embodiments and describe the scope ^ 
of the invention H^fifuM by the claims, whose summary and 
description should be considered in conjunction with the 
accompanying drawings. 
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In order to prevent the metal layers from having poor step 
coverage due to the difference of surface topography in 
contact holes, the present invention is characterized by the 
fabrication steps as set forth hereunder: 

As a first step, a field layer, a junction layer, and a gate 65 
electrode are formed on the upper part of silicon substrate, 
respectively. After depositing the first insulating layer over 
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the upper pan of the whole structure, the areas pre- 
determined for the establishment of contact holes oo the 
first-stage insulating layer are removed to form the first 
contact hole while both the junction layer on the lower part 
and the gate electrode are exposed; 

The second step is to completely fill the contact holes with 
metal layers and the patterns of conductive layer is formed 
on the part of the first insulating layer isolated from said 
metal layers; 

The third step is to form the second insulating layer oa the 
upper part of the whole structure, whereby the areas prear- 
ranged for the establishment of contact holes on the second 
insulating layer are removed to form the second contact hole 
while both the metal layer on the lower part of the first 
contact hole and the patterns of conductive layer are 
exposed; 

The last step is to fill the second contact hole with metal 
layers which is connected to the lower part of metal layer 
and the patterns of conductive layer. 

The more practical and important features of the present 
invention have been outlined above in order that the detailed 
description of the invention which follows will be better 
understood and that the present contribution to the art can be 
fully appreciated. Additional features of the invention 
described hereinafter also form the subject man^r of the 
claims of the invention. Those sldlled in the art can appre- 
ciate that the conceptions and the specific embodiments 
disclosed herein may be readily utilized as bases for modi- 
fying or designing other structures for carrying out the «*Tn<- 
purposes as those of the present invention. Further, those 
skilled in the art can realize that such modified or newly- 
designed other structures do not depart from the spirit and 
. scope of the invention as set forth in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and object of the 
invention, reference should be made to the following 
Detailed Description of the Invention in conjunction with 
the accompanying drawings,, a brief description of which 
drawings follow: 

FIG. 1A and FIG. IB are cross-sectional views illustrating 
that the contact holes in larger depth are unfilled due to the 
difference of their surface topography when they are formed 
in accordance with the prior art, and the selective tungsten 
thin films are deposited into the contact holes in a prede- 
termined thickness; 

FIG. 2A through FIG. 2D are cross-sectional views illus- 
trating that contact holes are formed in two step in accor- 
dance with the process steps of the present invention and 
two-step deposit! oa is made available by the selective tung- 
sten thin layers. 

The respective reference numerals noted in the detailed 
description of the invention below refer to the respective 
reference numerals relating to the pertinent drawing pairs 
and found as applicable throughout the several views of the 
drawings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1A is a cross- sectional view for fabricating the 
device with the following process steps. A field oxide layer 
3 is deposited on the surface of silicon substrate 1 to give 
isolation region among the elements, and a N+ or P+ 
junction layer 2 is formed on the silicon substrate. Next, 
after growing a gate oxide layer 4. a polysilicon is formed 
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as a gate electrode 5. The first insulating oxide layer 6 is 
deposited on the upper part of the whole structure, and. a 
potysOicon 7 for wiring is formed on the areas predeter- 
mined for the establishment of contact holes. Next after 
depositing the second insulating oxide layer(8) on the upper 5 
part of the whole structure, die pattern process using a 
photoresist film is employed to form the contact holes at the 
predetermined areas between the first insulating layer 6 and 
the second insulating layer 8. 

FIG. IB is a cross-sectional view, as shown in FIG- 1A. 10 
to illustrate that deeper contact holes 20 are unfilled due to 
the difference of their surface topography, when the contact 
holes 20 are formed in accordance with the prior art and the 
selective tungsten thin fii™ are deposited to the shallowest J5 
holes. 

FIG. 2A through FIG. 2D are cross-sectional views illus- 
trating that the contact holes arc formed in two steps in 
accordance with the process steps of the present invention 
and the two-step deposit is made available by the selective 20 
tungsten thin layers. 

FIG- 2A is a cross-sectional view for fabricating the 
device with the following process steps. After growing a 
field oxide layer 3 and a gate oxide layer 4 on the silicon 23 
substrate l.aN+orP> junction layer 2 is formed. A gate 
el ectrode 5 is formed on the upper part of a gate oxide layer 
4, and the first insulating oxide layer 6 is deposited on the 
whole structure. The prior art covers the above process steps. 
In the next process, a photoresist film is used to form the 30 
contact pattern ™«*- the first insulating oxide layer 6 
exposed hereto is etched by wet and/or dry etching, and the 
first contact hole 30 is fanned while the gate electrode 5 and 
N+ or P+ junction 2 are exposed- 55 

FIG- 2B is a cross-sectional view illustrating that the first 
contact hole 30. as fabricated in FIG. 2A. is filled with the 
selective tungsten thin 9 by the CVD method. The 

selective tungsten films 9 fill the first contact hole 30, 
the selective «»™ are overgrown appropriately to prevent 
misalignment with a second contact hole to be formed above 
the first contact hole. 

FIG. 2C is a cross-sectional view illustrating that a 
poiysilicon 7 for wiring is placed on the areas predetermined 45 
for the establishment of contact holes on the upper part of 
the first insulating Layer 6. After depositing the second 
insulating oxide layer 8 on the upper part of the whole 
structure, the etching by the contact pattern mask is made to 
the second insulating layer 8 placed on the first contact hole 
30 and the por/sOicoa 7 for wiring to form a second contact 
hole 40 over each of the first contact hole and the poly silicon 
7. 

FIG. 2D is a cross- sectional view illustrating that the 53 
second contact hole 40 above the first contact hole 30, as 
fabricated in FIG. 2C. is almost filled by the CVD method 
with selective tungsten thin films 10 in contact with the 
selective tungsten thin fit™ 9 of the first contact hole 30, 
and that the second contact hole 40 above the poiysilicon 7 60 
is simultaneously almost filled with selective tungsten thin 
film* 10 by the CVD method. 

As described above, the object of the present invention is 
to provide a method for filling the contact holes which have 65 
a rough surface topography with metal layers, in which, the 
first insulating oxide layer is provided- The tungsten thin 



